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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001 1 The present invention relates to off-site and on- 
site destruction of bacteria, and, more particulatly, to the 
in-vivo destruction of bacteria by laser energy in medical, 
dental and veterinary surgical sites, as well as othersrtes 
in biological or related systems. 

The Prior Art 

[0002] Traditionally solid state diode lasers in the low 
infrared spectrum (600 nm to 1 000 nm) have been used 
for variety of purposes In medicine, dentistry, and veter- 
inary science because of their preferential absorption 
curve for melanin and hemoglobin in biological systems. 
They rarely, if at all. have been used for sterilization out- 
side of biological systems. 

[0003] Because of poor absorption of low infrared di- 
ode optical energy in water, low infrared penetration in 
biological tissue is far greater than that of higher infrared 

wavelengths. 

[0004] Specifically, diode laser energy can penetrate 
biological tissue to about 4 cm. In contrast, ErYAG and 
CO2 lasers, which have higher water absorption curves, 
penetrate biological tissue only to about 15 (xm and 75 
it.m, respectively (10,000 |i,m = 1 cm). 
[0005] Therefore, with near infrared diode lasers, heat 
deposition is much deeper in biological tissue, and more 
therapeutic and beneficial in fighting bacterial infections. 
However, to prevent unwanted themial injury to a biolog- 
ical site being irradiated, the radiance (joules/cm^) and/or 
the exposure time of diode lasers must be kept to a min- 
imum. 

[0006] For the accomplishment of bacterial cell death 
with near infrared diode lasers in biological systems, the 
prior ait is characterized by a very narow therapeutic 
window. Normal human temperature is 37'C, which cor- 
responds to rapid bacterial growth in most bacterial in- 
fections. When radiant energy is applied to a biological 
system witti a near infrared diode laser, the temperature 
of the inBdiated area starts to rise Immediately, with each 
ICC rise canying an injurious biological interaction. At 
45°C there is tissue hyperthemriia, at 50°C there is a re- 
duction in enzyme activity and cell immobility, at 60°C 
there is denaturation of proteins and collagen with be- 
ginning coagulation, at 80°C there is a permeabilization 
of cell membranes, and at 1 00°C there is vaporization of 
water and biological matter. In the event of any significant 
duration of a temperature above 80°C, (five to ten second 
in a local area), irreversible hann to the biological system 
will result. 

[00071 - ' r 

aucea Qedt » c - f-" - 

) cr.,ase mi occur for a given amount ol time m the 



bacteria cc s near infrared di- 

ode optical r- > ' 1- „ ^ roy bacteria ther- 
mally, withOv --^ J iamage 
toihe biolog 

s [0008] WC - . prepar- 

ing a root canal for obturation comprising activating a 
photosensitising agent in a root canal using light deliv- 
ered by an optical fibre, for example at a wavelength of 
630 -660nm. 

10 

SUMMARY OF THE INVENTION 

[0009] The near infrared microbial elimination laser 
(NIMEL) system of the present invention utilize a dual 

IS wavelength, near-infrared, solid state diode laser com- 
bination, preferably but not necessarily, in a single hous- 
ing with a unified control. They involve emission of radi- 
ation in two narrow ranges approximating 870 nm and 
930 nm. They are most effective when the radiation is 

20 substantially at 870 nm and 930 nm. It has been found 
that these two wavelengths interactively are capable of 
selectively destroying E. coli with non-ionizing optical en- 
ergy and minimal heart deposition. The lasercombination 
of the present invention, which emits these wavelengths 

25 simultaneously or altemately, and continuously or inter- 
mittently, preferably incorporates at least one ultra-shori: 
pulse laser oscillator, composed of titanium-doped sap- 
phire. 

[0010] The system of the present invention is widely 
30 applicable in medical and dental surgery, and in water 
purification, agriculture, and in emergency and military 
scenarios. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 

[001 1 ] For a fuller understanding of the nature and ob- 
ject of the present invention, reference is made to the 
accompanying drawings, wherein: 

40 Fig. 1 a illustrates the design, partially diagrammati- 
cally, of dental Instrumentation embodying the 
present invention; 

Fig. 1 b is a block diagram of the laser oscillators and 
control system of the instrumentation of Fig. la; 

45 Fig. 2a shows details of a laser energy delivery head 
for the instrumentation of Fig. la; 
Fig. 2b shows details of an alternative laser energy 
delivery head for the instrumentation of Fig. 1 a; 
Fig. 3a shows wavelength division multiplexing de- 

50 tails of the laser system of Fig. 1 ; 

Fig. 3b shows further wavelength division multiplex- 
ing details of the laser system of Fig. 1 ; 
Fig. 4a is a block diagram of a surgical process em- 
bodying the present invention; 
^ i-iq 4b s a block diagram fanothersurgical process 
c - " , ~ ^r- ^ - p'- 'Dve, tion 
- _ r 'CC :r BiCica chromophore absorption 
leading to bactenal ceil death pursuant to the present 
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invention; 

Fig.e depicts the application of the present invention 

to a periodontal pocket; 

Pig. 7a is an illustration of a laser augmented perio- 
dontal scaling instrument (LAPSI) embodying the 

present invention; 

Pig. 7b is a brol<en-away illustration showing details 
of the head of the instrument of Fig. 7a; 
Fig. 7c IS a broken-away illustration showing details 
of one - oT a blade of the instrument of 

Fig 7 

Fig. 7d IS a broKeri-away illustration showing details 
of another embodiment of a blade of the instrument 
of Fig. 7a; 

Fig. 8 illustrates an application of the present inven- 
tion to a root canal procedure; 
Fig. 9 illustrates an application of the present inven- 
tion to a gangrenous condition of a finger, toe or re- 
calcitrant diabetic ulcer; 

Fig, 10 illustrates an application of the present in- 
vention to an ear infection; 
Fig. 1 1 illustrates an application of the present in- 
vention to a bandage for destroying bacteria on the 
human body; and 

Fig. 12 illustrates an application of the present in- 
vention to a wand for destroying bacteria on the hu- 
man body. 

DETAILED DESCRIPTION OF THE INVENTION 

[0012] The present invention is based upon a combi- 
nation of insights that have been introduced above and 
are derived in part from empirical facts, which include the 
following. 

[0013] Most infectious bacteria, when heated, contin- 
ue growing until theirtemperature reaches approximately 
50°C, whereupon their growth curve slows. 
[001 4] At approximately 60'C, bacterial growth comes 
to an end, except in cases of the hardiest bacterial ther- 
mophiles. 

[0015] The range of approximately 60°C to approxi- 
mately 80°C is generally accepted as the time dependent 
exposure necessary for bacterial death. 
[0016] Hence, in the prior art, there has been a very 
narrow window of therapeutic opport:unity to destroy the 
bacteria with heat from a traditional near infrared diode 
laser (60°C to 80°C) without causing irreversible heat 
induced damage (more than five seconds) to the biolog- 
ical site being treated. 

[001 7] The dual wavelength, solid state, near-infrared 
diode laser system of the present invention is specifically 
designed for bacterial destnjction with minimal heat dep- 
osition In the site being in-adiated. It has been found that 
the wavelength combination of the present invention is 
caoable of destroying bacterial cells such as E. coli as a 

result of tt-= >r i. ' - ' ■= : j e- o> , jen reaction 

that is ger^'c -ziz'-;:- ^ r ass' eneigy se- 

lectively in intraceiluiar Dacterial chromophores. These 



chromophores happen to be specific to wavelengths that 
approximate 870 nm and 930 nm in the near infrared 
spectrum. 

[0018] Withoutthe significant heat deposition nomially 
5 assodated in the prior art with continuous wave orpulsed 
near infrared diode lasers, bacteria can be selectively 
destroyed while minimizing unwanted hyperthermia of 

the irradiated tissues and the surrounding region. The 
system of the present invention is based on a study of 

JO facts derived from research conducted with the technol- 
ogy of so-called optical cell trapping and optical tweezers. 
[0019] Optical weezers ar'^ lear infrated based opti- 
cal traps (c'p ^ ^ ' ~ " K use in- 
frared laser t r a study 

15 single cells of v'a*'iouspror\ar\otc&!iueuKai^ )fic species 
while keeping them alive and functicnai unaer a micro- 
scope. When this procedure is fftpcted with near infrared 
laser energy, intense heat deposition generally occurs. 
To accomplish the goal of "holding" a single cell in place 

20 without killing it by themriolysis, the laser energy must be 
reduced to under 1 00 milliwatts of energy. Thereby, the 
bacteria may be kept alive for a five minute period or 
longer. 

[0020] In an elegant study using a tunable Ti:Sapphire 
25 laser, Neuman (Biophysical Journal, Vol. 77, November 
1 999) found that, even with this very low laser output to 
rule out direct heating (thermolysis) as the source of bac- 
terial death, there are two distinct and only two distinct 
wavelengths In the near infrared spectrum, which cannot 
30 be used successfully for optical traps because of their 
lethal affect on E-coli bacteria. These wavelengths are 
870 nm and 930 nm. Neuman found that the two wave- 
lengths, 870 nm and 930 nm (in contrast to all others in 
the near infrared spectrum), are not transparent to the 
35 bacteria being studied. 

[0021 ] He postulated that the two wavelengths proba- 
bly interact with a linear one photon process mediated 
through absorption of one or more specific intracellular 
bacterial chromophores or pigments. This one photon 
40 process of photodamage (not thennal damage) to the 
bacteria, he further concluded, implies a critical role for 
a short acting singlet oxygen species, or a reactive oxy- 
gen species as the culprit in the cellular damage pathway. 
[0022] Accofdingly, the system of the present inven- 
ts tion is characterized by the following general considera- 
tions. 

[0023] The present invention provides a dual wave- 
length diode laser combination for bacterial destruction 
with minimal heat deposition in human medit loe and den- 
so tistry, veterinary medicine, wat " - > culture, 
and military scenarios. 

[0024] if used in any medical . ary or in- 

dustrial system, this con^binatio- . ' i nors can 
be used singly or multiplexed to.: • maximal 
55 bacter a" dea*"h ate"; in the -itL j - i 

[00..5 " -t; cs-i-ombcth 

dio p= >- K'eic _ c .,Gr^ icted, either 

singly or multiplexed, aiong a ct mmon opi cai pathway 
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to effect maximal bacterial death rates in the site being 
irradiated. 

[0026] In certeln alternative embodiments, the ener- 
gies from both diode laser oscillatots are delivered sep- 
arately, simultaneously or alternately through multiple 
optical pathways. 

[0027J In aojordance with the present invention, It is 
critical that the laser wavelengths selected as approxi- 
mating 870 nm and 930 nm, respectively, lie predomi- 
nantly within the wavelength ranges of (1) 865 nm to 875 
nm and (2) 925 nm to 935 nm. 
[0028] instead of avoaing the 870 nm and 930 nm 
wavelengt' in the prior art by optical 

tweezer pt aser system of the present in- 

vention seiect've'y comb.nes them With less heat dep- 
osition in the site being irradiated, a much enlarged ther- 
apeutic window of opportunity is available to the laser 
operator. In essence, the combined wavelenqths of the 
present invention use less energ/ tha^ -i-^ ^ 
cedures to effect bacterial deetmctic i i 
ergy used in the present invention is less tnan the thermal 
energy used in the prior art. 

[0029] The medical, dental or veterinary applications 
of the dual wavelength combination of the present inven- 
tion include, but are not limited to, coagulation, tissue 
vaporization, tissue cutting, selected photodynamic ther- 
apy, and interstitial thennal-therapy, and selected bac- 
terial destruction. 

Figs. 1a to 3b: The Dual Wavelength System 

[0030] A laser system for destroying bacteria in a bac- 
terial dental site is shown in Figs. 1a-3b as comprising a 
housing 20 and a laser system 22. Within the housing is 
a laser oscillator sub-system 26, 28 for causing the se- 
lective emission of radiation 30 in a first wavelength range 
of 865 nm to 675 nm. and the selective emission of ra- 
diation 32 in a second wavelength range of 925 nm to 
935 nm. It is to be understood that, in alternative embod- 
iments, a group of laser oscillators are employed in tan- 
dem in accordance with the present invention. The radi- 
ation is propagated through an optical channel 34 to a 
head 36 for enabling delivery of the radiation through the 
optical channel to a bacterial site. 
[0031 ] In various delivery systems, the delivery is dis- 
perse as shown at 38 in Fig. 2a or focused as shown at 
40 in Fig. 2b. In another version, parts of which are shown 
in Figs. 3a and 3b, the laser oscillators are deployed out- 
side of housing 20 as at 42, are multiplexed as at 44, 
transmitted via a coaxial cable as at 46, de-multiplexed 
as at 48, and delivered via a housing as at 50. Coaxial 
cable 46 is shown In Dhy«;icai form m Fig 3b as including 
a glass fiber 47anc ^ - -j ^igs 4a, 4b, 5 and 6- 
The Process 

[0032] One process of us t^- -s- - a-'^r- ,3 
shown tn Fig 4a as includi v, - - . 
eased tissue as at 52, exp^a ^ ^ ' ~ ii 

laser radiation as at 54, exposing the tissue to 930 nm 



radiation as at 56, and alternating the two exposures as 
at 58 until desired change is observed or cultured. 
[0033] Another proceos of US! g the present invention 
isshowninFi: ' c ;*e^>s of locating dls- 

s eased tissue fs t " ^ s - ,^s.j exposing the dis- 
eased tissue to 870 nm laser radiation at 62 and 930 nm 
laser radiation at 64, and maintaining the exposure until 
desired change Is observed or cultured. 
[0034] Generally, as shown in Fig. 5, the two wave- 

10 lengths activate a chromophore 68, activate the chromo- 
phore at the diseased site, and then cooperate with the 
chromophore at 70 to destroy the bacteria. 
[0035] This process is capable of wide application as 
in Fig. 6, wherein, the two laser wavelengths of the 

'5 present invention are transmitted through a 600 f*,m fiber 
optic channel 71 in the therapeutic treatment of a dele- 
terious ecological niche known as a periodontal pocket 
72, between tooth 73 and gum 75 to achieve bacterial 
elimination and limit the use of antibiotics. 

EXAMPLE I. 

[0036] The prior art literature (Neuman, Biophysical 
Journal, Vol. 77, November 1 999, infra) reports that 870 

25 nm and 930 nm radiation from a tunableTkSapphire laser 
during confocal microscopy has produced a 7-fold mor- 
tality in E. coll. A careful study of this infomiation by the 
inventor hereof has lead to the following conclusions. At 
face value, it is power density (brilliance) that, aside from 

30 the 870 nm and 930 nm wavelengths, is the most impor- 
tant parameterto cause the above described toxic singlet 
oxygen reaction. This can be calculated using the fomnu- 
la: Power density (W/cm^) = total power (W) X spot size 
(cm2). Using this relationship, it is calculated that, with 

35 at least 1 00 mW and an adjustment of spot size, neces- 
sary bactericidal density can be reached. It Is believed 
that the toxic singlet oxygen reaction takes place in ac- 
cordance with a power density curve. It is adjustable by 
increasing power (always below tissue coagulation po- 

40 tential), by increasing spot size, or by scanning the tissue 
with a set spot of high intensity and minimal size. The 
mortality ratio is directly proportional to power density 
increase. It Is not necessary to kill all bacteria. It Is nec- 
essary only to kill sufficient bacterial to enable the body's 

"s immune system to the rest. 

EXAMPLE II 

[0037] The unique bactericidal capabilities of 870 nm 
so and 930 nm radiation may be demonstrated by the fol- 
lowing equation; which considers the wave nature of light, 
the energy per photon based on wavelength, and what 
that energy does to cells: E = hi, where E ~ energy, h = 
Plank's constant, and f = speed of light/wavelength. E = 
ss hf really describes a photon's momentum. In other words, 
a photon's momentum is directly related to energy. This 
means, ttie shorter the wavelength, the greater the mo- 
mentum (energy) of the photon. Consider the following. 
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Ultraviolet Wave lengths 
[0038] 

1) ArF laser at 1 93 nm generates UV-C at 6.4 elec- 
tron volts/photon (EV/photon) 

2) XeCI laser at 308 nm generates UV-A at 4.0 EV/ 
photon 

Visible Wavelengths 

[0039] 

1 ) Ar laser at 51 4 nm generates 2.4 EV/photon 

2) He-Ne Laser at 633 nm generates 2.0 EV/photon 

Infrared Wavelengths 
[0040] 

1) Diode laser at 800 nm generates 1 .6 EV/photon 

2) EnYag Laserat2940 nm generates 0.4 EV/photon 

3) CO2 laser at 1 0600 nm generates 0.1 EV/photon 

[0041] Hence, the shorter (UV) wavelengths, because 
of their frequency, are more energetic than the longer 
wavelengths. And less energy per photon is generated 
as the wavelength rises into the visible and then the in- 
frared regions of the electro-magnetic spectrum. 

EXAMPLE III 

[0042] It is well l<nown that: (1 ) ultraviolet light and ul- 
traviolet lasers are more highly energized than visible or 
infrared, and that they "in and of themselves" are muta- 
genic in nature; (2) ultraviolet (non-ionizing) radiation of 
greaterthan six EV/photon (e.g., UV ArF) can excite elec- 
trons in a biomolecule (e.g., DNA) into an ionization state; 
(3) less than six EV/photon (UV-A, UV-B, visible, and 
infrared) can only excite biomolecule electrons into high- 
er electronic or vibrational states, but not ionization 
states, because the photons cany substantially less en- 
ergy; (4) UV-B and UV-A can cause substantial cross- 
link damage without ionization, again because of the ex- 
tra electron volts that they cany at this non-ionizing UV 
wavelength. 

[0043] It is exactly these higher energy ionization 
states caused by certain higher energy UV photons (UV- 
C) upon absorption by biomolecuies, that can cause py- 

rimidine dimere in the DNA. 

[0044J The 870 nm and 930 nm energy. Independently 
of energy density, only produce photons that carry 1 .4 - 
1 .6 EV/photon, I.e., less than the energy that will cause 
DNA damage, but still lethal at 1 00 mW power densities 
to E coll A* cuch 3 powe>- OPfiE'ty Neuman found the 
ti-xi r - ~ , „ - ' T- selective chromo- 
pnore fiLa ^ c c E This moot likely hap- 
pens by selertivel> exciting biomolecule (the chromo- 



phore) electrons into a higher vibrational state, and lib- 
eratrn "^e singlet oxygen 

[0045! "^ne ejkaryotic CHO (Chinese Hela Ovary) cell 
als I.e. . ' . '^i effected by these wave- 

5 len^ _ ' ^' . ^t— J ef'-agilecells than human 
skin, muacle, and connective tissue It is yet to be seen 
what selective power densities will do to these cells in a 
negative manner, but, as the above considerations dem- 
onstrate on an empirical level, over the years, many en- 

10 ergies approaching 870 nm and 930 nm, at energy den- 
sities that normally are high enough to burn tissue, have 
been tested and considered safe to human tissue. Hu- 
man tissue generally "bounces back" from years of re- 
petitive UV sun burns. In comparison, it is concluded that 

IS 870 nm and 930 nm infrared energy is toxic to certain 
microbes and probably just bothersome to the human 
tissues. 

EXAMPLE IV 

20 

[0046] The bactericidal effects of 870 nm and 930 nm 
energy on E. coli are known on the basis of empirical 
tests. Although, as far as is known, no such tests with 
these wavelengths have been performed on other bac- 

25 teria, it is probable that bacteria other than E, coli will be 
affected similarly. This probability is based upon the fol- 
lowing logic. Antibiotics are devetoped to address spe- 
cific necessary bacterial systems that differ from specific 
necessary human systems. Examples of this principle 

30 follow: 

Penicillins: All address an enzyme that helps build a 
peptidoglycan cell wall in a range of bacteria. This 
is a ubiquitous event that is inconsequential to hu- 
3s mans and animals, because they do not have cell 
walls. 

Erythromycins: All inhibit protein synthesis in a range 
of bacteria by disturbing their bacterial ribosome sub- 
units in most bacteria. Bacterial ribosome is different 
■^o from the human and animal ribosomes, so such dis- 
turbance does no harm to humans and animals. 
Tetracyclines; All inhibit a different aspect of bacte- 
rial protein synthesis. 

Ciprofloxin: This inhibits a bacterial enzyme called 
*5 DNA gyrase, which allows the bacterial DNA to un- 
fold for bacterial replication and protein synthesis. 
This is an enzyme that is different from any human 
enzyme, so it has no corresponding effect on hu- 
mans. 

50 

[0047] There are more similarities in bacteria than 
there are differences. If penicillin or erythromycin worked 
only on three or four bacterial species, and were not 
"broad spectmm" in nature, they would be far less useful. 
55 However they generally work across the board, because 
s " ^ in the biochemistry and morphology 

c •- icteria. The conclusion is thatthere 

IS wide applicability of bacterial destruction by 870 nm 
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and 930 nm infrared radiation. This conclusion is based 
on the logic thatthe chromophore these wavelengths ad- 
dress in E. coll, which causes the toxic singlet oxygen 
reaction, is present in many more species than only E. 
coli. 

Figs. 7a to 7d: Laser Augmented Dental Scaling 

[0048| Dental instruments are designed for the pur- 
pose of removing calculus and plaque, root planing, and 
removing diseased soft tissues from periodontal pockets 
and the like. The Illustrated radiation and scaling instru- 
ments of the present invention generally comprise ( 1 ) a 
shank which is to be hand held and manipulated by a 
dental professional during an operation, (2) at least one 
working end which presents, in contiguit/, a laser optical 
head and a mechanical cutting head that simultaneously 
address a surgical site, and (3) a fiber optic laser bundle 
that extends from an optica! input at one end of the shank, 
at which a laser is fitted, to an optical output at the other 
end of the shank, at which laser energy is delivered. The 
arrangement is such that, during an operation, the dental 
professional can subject the surgical site simulteneously 
or alternately to {1) mechanical cutting, scraping and 
grinding, and (2) laser trimming and cauterization. 
[0049] Generally, the shank is composed of stainless 
steel, high carbon steel, and/or autoclaveable high 
strength plastk; (for implants). The laser connects 
through an interchangeable fitting to a conventional the 
fiber optic bundle in or at the shank. The fiber optic bun- 
dle, when located in the shank, allows optical energy to 
exit in contiguity with the head th rough a heat and scratch 
resistant quartz window, where, upon exit, It bathes the 
surgical site, e.g., a periodontal pocket and tissues, with 
diode laser eneigy. 

[0050] Fig. 7a Illustrates a curette comprising, in ac- 
cordance with the present invention: a hollow shank 80 
having a reanward interchangeable fitting 82, and a for- 
ward contact head 84. Within shank 80 extends a fiber 
optic bundle 86. As shown, laser energy 85, 87 is deliv- 
ered from safety-timed laser oscillators 88 through an 
interchangeable fitting 82 and laser bundle 86 to contact 
head 84 under a hand/foot control 89. As shown in Fig. 
7b, In contiguity at contact head 84 are a blade 90 and 
an exit window 92. 

[0051] As shown in Figs. 7c and 7d, respectively, one 

embodiment of the blade Is curved as at 1 00, and another 
embodiment of the blade is linear as at 106. In the em- 
bodiment of Fig. 7c, fiber optic bundle 102 and window 
1 04 closely underlie the cutting edge of the blade. In the 
embodiment of Fig. 7d, fiberoptic bundle 108 and window 
1 1 0 closely underlie the cutting edge of the blade. Each 
of the scalers of Figs. 7c and 7d has a mating fitting 83 
that is attachable to mating fitting 82 for optional and in- 
terchangeable communication with the two laser oscilla- 
tors. 



Fig. 8: Laser Augmented Root Canal Therapy 

[0052] Fig. 8 illustrates asystem 1 1 8 which is designed 
for use in the therapeutic treatment of bacteria in the root 

s canal of a tooth. The objective is to provide targeted en- 
ergyfor infected root canal space within atooth to achieve 
bacterial elimination within the dentinal tubules. 
[0053] As shown, dual wavelength energy 1 22, 1 24 of 
the present invention is generated at 126, fed through an 

'0 optical coupling 128, and dispersed through a laser aug- 
mented root canal interstitial thermal therapy tip 130, 
which is frosted with sapphire or silica granules. As a 
result, bacterial elimination in the root canal is achieved 
and the need for conventional antiblottes is ameliorated 

15 or obviated. 

Fig. 9: Treatment of Gangrenous Fingers and Toes 

[0054] Fig. 9 shows a system 132 embodying the 
20 present invention for use as an adjunct to treat infected 
and gangrenous fingers and toes in diabetic patients. In 
the preferred embodiment for this approach, the dual 
wave length energy is generated at 134, is fed through 
optical channels 136 and 138, and is dispersed through 
25 opposed dual apertures 1 40 and 1 42 in a clip 1 44. The 
clip 144, which is spring loaded at 146, is clamped on 
the diseased digit (finger or toe) of a patient and bathes 
an infected area of a finger or toe with the dual wave 
length energy for a defined period at a defined power to 
30 effect bacterial elimination without detrimental heat dep- 
osition. 

Fig. 10: Laser Augmented Otoscope 

35 [0055] Fig. 10 shows the therapeutic use of 870 nm 
energy 148 and 930 nm energy 150 in accordance with 
the present invention as an adjunct forcuring otitis media, 
(ear Infections). As shown, the dual wavelength energy 
is channeled by an optical multiplexer 152 through an 

40 otoscope 154 having an optical channel 1 56 for conduc- 
tion of the energy to an optical head 1 58 that may be 
inserted into the ear canal. This allows the practitioner, 
under direct illumination from a lamp 160 and visualiza- 
tion at an eye piece 1 62, to irradiate the inner ear drum 

*5 and canal with dual laser energy to effect bacterial elim- 
ination in the ear canal and inner ear without themial 
tissue destruction. A hand/foot control manages the op- 
eration via a safety timer 1 66 and an electronic switch 
168. 

50 

Fig. 1 1 : Laser Augmented Therapeutic Wrap 
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natlng fabric 178 fm dls'■''bu^- - '* ^ 

This fabric incorporates erraticu s.'^'v. 
ically 200 to 400 |im in diameter, which deliver the dual 
wave length energy to the diseased region of the limb for 
the eradication of bacteria. 

Fijj. 12: Therapeutic Wand 

[00571 Fig. 12 shows a system 180 for applying the 
dual wave length energy of the present invention for bac- 
terial elimination of an infected wound or surgical site. 
The dual wavelength energy is generated at 1 84fortrans- 
mission at 1 86 and 1 88 to a hand-held wand 1 90. Under 
manual controls in the handle of the wand, the 870 nm 
and 930 nm wave lengths are applied simultaneously or 
alternately to a wound or infection as at 1 92 to accomplish 
bacterial destruction optically. This instrument is adapted 
for use in a hospital setting or in conjunction with a battery 
powered field pack for military triage. 

OPERATION 

[0058] In operation, each of the illustrated embodi- 
ments is capable of generating continuous wave or 
pulsed laser energy independently or at the same time 
depending on the parameters set by the operator. To this 
laser is connected to a suitable fiber optic delivery sys- 
tem. This system generates from 100 mW to 20 W of 
laser output from each wavelength independently or a 
total of 200 mW up to 40 W together depending on the 
parameters set by the operator. By using the bacteria's 
own chromophores, the system produces maximum le- 
thal effects on the bacteria with minimal heat deposition. 
[0059] The purposes of such radiant exposure, in var- 
ious embodiments, are ablation of tissue, vaporization of 
tissue, coagulation of a surgical area, photochemical in- 
teractions, and bacterial death by thermolysis of bacterial 
cells. Infrared radiation is known as 'heat radiation" be- 
cause it directly generates heat for bacterial destruction, 
i.e., thermolysis. The present invention accomplishes 
bacterial destruction by optical energy, i.e., photolysis 
rather than themiolysis. 

[0060] Since certain changes may be made in the 
present disclosure without departing from the scope of 
the present invention, it is intended that all matter de- 
scribed in the foregoing specification and shown in the 
accompanying drawings be interpreted as illustrative and 
not In a limiting sense. 



Claims 

1. A laser system for destroying bacteria in-vivo in a 
bacterial locale, said system comprising: 

(a) a housi - - 

(b) a i -f" 

housing for causing the selective emission un- 



der said cor.-', *r \ L- 

length range - - - ' e 

lective emiss c S(.c. i j 

radiation atz~- - - . 

5 nm to 935 nm: 

(c) an optical cranne w, insrri.sMon of .-aid 
first radiation and said oec/nd ra lation , 
said laser oscillator sub ivsien &r j 

(d) a head for pnabi g dci'very of said f s* •'a 
10 diatlon and said second radiation from said laser 

oscillator sub- system through said optical chan- 
nel to the site of said bacterial locale; 

(e) said first radiation and said second radiation 
being adapted to activate a chromophore from 

15 said bacterial locale and being adapted to co- 

openate with said chromophore to destroy bac- 
teria in said bacterial locale. 

2. The laser system of claim 1 wherein said transmis- 
20 sion is simultaneous. 

3. The laser system of claim 1 wherein said transmis- 
sion is alternate. 

25 4. The laser system of claim 1 wherein said transmis- 
sion is multiplexed. 

5. The laser system of claim 1 wherein said head in- 
cludes an optical egress for said first radiation and 

30 said second radiation, and a scaling instrument. 

6. The laser system of claim 1 wherein said head in- 
cludes an optical egress having a laser augmented 
root canal interstitial themial therapy tip for insertion 

35 into a root canal, which is frosted with sapphire or 
silica granules. 

7. The laser system of claim 1 wherein said head in- 
cludes an optical egress and an otoscope. 

40 

8. The laser system of claim 1 wherein there is a further 
optical channel through which said radiation is de- 
livered; and wherein said head includes a digit clip 
and an optical egress comprising opposed dual ap- 

45 ertures therefrom; wherein said clip is suitable for 
being clamped on the diseased digit, in particular 
finger ortoe, of a patient in orderto bathe an infected 
area of finger ortoe with dual wavelength energy for 
a defined period at a defined powerto effect bacteria! 

50 elimination without detrimental heat deposition. 

9. The laser system of claim 1 wherein said head In- 
cludes a stocking having an optical ingress from said 
laser oscillator and an optical egress to the inner 

ss surface of said stocking. 

10. The laser system of claim 1 wherein said head in- 
cludes a handle and an optical egress extending 
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natlng fabric 178 for distributed irradiation of the limb. 
This fabric Incorporates erratically clad optical fibers typ- 
ically 200 to 400 p.m in diameter, which deliver the dual 
wave length energy to the diseased region of the limb for 
the eradioition of bacteria. 

Fig. 12: Therapeutic Wand 

[0057] Fig 12 shows a system 180 for applying the 
dual wave > - . "-f the present invention for bac- 
teria, eiini. d. .1 „ ^ iTected wound or surgical site. 
The dual wave'ength energy is generated at 1 84fortrans- 
mission at 1 86 and 1 88 to a hand-held wand 1 90. Under 
manual controls in the handle of the wand, the 870 nm 
and 930 nm wave lengths are applied simultaneously or 
alternately to a wound or infection as at 1 92to accomplish 
bacterial destruction optically. This instrument is adapted 
for use in a hospital setti ng or in conjunction with a battery 
powered field pack for military triage. 

OPERATION 

[0058] In operation, each of the iiiustrated embodi- 
ments is capable of generating continuous wave or 
pulsed laser energy independently or at the same time 
depending on the parameters set by the operator. To this 
laser is connected to a suitable fiber optic delivery sys- 
tem. This system generates from 100 mW to 20 W of 
laser output from each wavelength independently or a 
total of 200 mW up to 40 W together depending on the 
parameters set by the operator. By using the bacteria's 
own chromophores, the system produces maximum le- 
thal effects on the bacteria with minimal heat deposition. 
[0059] The purposes of such radiant exposure, in var- 
ious embodiments, are ablation of tissue, vaporization of 
tissue, coagulation of a surgical area, photochemical in- 
teractions, and bacterial death by themnolysis of bacterial 
cells. Infrared radiation Is known as "heat radiation" be- 
cause It directly generates heat for bacterial destruction, 
I.e., thennolysls. The present invention accomplishes 
bacterial destruction by optical energy, i.e., photolysis 
rather than themnolysis. 

[0060] Since certain changes may be made In the 
present disclosure without departing from the scope of 
the present invention, it is intended that all matter de- 
scribed in the foregoing specification and shown in the 
accompanying drawings be interpreted as Illustrative and 
not in a limiting sense. 



Claims 

1. A laser system for destroying bacteria in-vlvo in a 
bacterial locale, said system comprising: 

(a) a housing and a control; 

(b) a laser oscillator sub-system within said 
housing for causing the selective emission un- 



der said control of first r-' / - '..p'c 
length range of 865 nr . " " . . •-? .~f. 
lective emission under sa,d control of second 
radiation at a second wavelength rsnge of 925 
5 nm to 935 nm: 

(c) an optical channel fcr transmission of said 
first radiation and said second raaiation from 
said laser osclliator suo-system; and 

(d) a head for enabling delivery of said first ra- 
10 diation and said second radiation from said laser 

oscillatorsub- system through said optical chan- 
nel to the site of said baoeral iocal \ 

(e) said first radiation and , jdiation 
being adapted to activatt d from 

15 said bacterial locale ana ce - j -la ; j to co- 

operate with said chromophore to destroy bac- 
teria In said bacterial locale. 

2. The laser system of claim 1 wherein said transmis- 
20 sion is simultaneous. 

3. The laser system of claim 1 wherein said transmis- 
sion Is alternate. 

2S 4. The laser system of claim 1 wherein said transmis- 
sion Is multiplexed. 

5. The laser system of claim 1 wherein said head in- 
cludes an optical egress for said first radiation and 

30 said second radiation, and a scaling instrument. 

6. The laser system of claim 1 wherein said head in- 
cludes an optical egress having a laser augmented 
root canal interstitial thermal therapy tip for Insertion 

35 into a root canal, which is frosted with sapphire or 
silica granules. 

7. The laser system of claim 1 wherein said head in- 
cludes an optical egress and an otoscope. 

40 

8. The laser system of claim 1 wherein there is a f u rther 
optical channel through which said radiation is de- 
livered; and wherein said head includes a digit clip 
and an optical egress comprising opposed dual ap- 

45 ertures therefrom; wherein said clip is suitable for 
being clamped on the diseased digit in particular 
finger ortoe, of a patient in orderto bathe an infected 
area of finger or toe with dual wavelength energy for 
a defined period at a defined powerto effect bacterial 

50 elimination without detrimental heat deposition. 

9. The laser system of claim 1 wherein said head in- 
cludes a stocking having an optical Ingress from said 
laser oscillator and an optteal egress to the inner 

55 surface of said stocking. 

10. The laser system of ciaim 1 wherein said head in- 
cludes a handle and an optical egress extending 
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therefrom. 

11. The laser system of claim 1 , wherein said bacterial 
locale is a bacterial dental site and v. - e - o » 
tem is adapted to generate from 1 0Gnr,'. ^ 
laser output from each wavelengtn inaependently or 
a total of 200mW up to 40W together depending on 
the parameters set by the operator. 

12. The system of claim 1 , wherein the first wavelength 
range and the second wavelength range are adapted 
to be selectively absorbed by one or more intracel- 
lular bacterial chromophores for the generation of a 
toxic singlet oxygen reaction in the bacteria to de- 
stroy bacteria in the infected site. 



Patentanspruche 

1. Lasensystem zum Vernichten von Bakterlen in vivo 
in einem bakteriellen Bereich, wobei das System um- 
fasst: 

(a) ein Gehause und eine Steuerung bzw. Re- 
gelung; 

(b) ein Laseroszillatotsubsystem innerhalb des 
GehSiuses zum Bewirken der selektiven Aus- 
strahlung unter der Steuerung bzw. Regelung 
bzw. Kontrolle einer ersten Strahlung in einem 
ersten WellenlSngenbereich von 865 nm bis 875 
nm und der selektiven Ausstrahlung unter der 
Steuerung bzw. Regelung bzw. Kontrolle einer 
zweHen Strahlung be! einem zweiten WelienlSn- 
genbereich von 925 nm bis 935 nm; 

(c) einen optischen Kanal zur Obertragung der 
ersten Strahlung und der zweiten Strahlung von 
dem Laseroszillatorsubsystem; und 

(d) einen Kopf zum ErmSglichen der Abgabe 
bzw. Lieferung der ersten Strahlung und der 
zweiten Strahlung von dem Laseroszillatorsub- 
system durch den optischen Kanal an die Stelle 
des bakteriellen Berelchs; 

(e) wobei die erste Strahlung und die zweite 
Strahlung angepasst sind, ein Chromophor von 
bzw. aus dem bakteriellen Bereich zu aktivieren, 
und angepasst sind, mlt dem Chromophor zu- 
sammenzuwirken, um die Bakterien in dem bak- 
teriellen Bereich zu vernichten. 

2. Lasersystem nach Anspruch 1 , wobei die Obertra- 
gung simultan ist. 

3. Lasersystem nach Anspruch 1 , wobei die Obertra- 
gung altemierend ist 

4. Lasersystem nach Anspruch 1 , wobei die Obertra- 
gung gemultiplext Ist. 



5. 

-% *3 - jiiiurgijiiae nSkalieri ngsnst ume ten* 



6. Lasersystem nach Anspruch 1 , wobei det K.i pf einen 
optischen Ausgang enth&lt, der eme laserverstarkte 
Spitze zur interstltiellen Thermotherapie fur einen 
Wurzelkanal zum Einfuhren in einen Wurzelkanal 

10 enthalt, die mit Saphir- oder QuarzkSmchen mattiert 
1st. 

7. Lasersystem nach Anspaich 1 , wobei der Kopf einen 
optischen Ausgang und ein Otoskop enth&lt. 

15 

8. Lasers^tem nach Anspruch 1 , wobei es einen wei- 
teren optischen Kanal gibt, dutch den die Strahlung 
abgegeben bzw. geliefert wird; und wobei der Kopf 
einen Digitusclip bzw. -klemme und einen optischen 

so Ausgang enthilt, derentgegengesetzte bzw. gegen- 
Qberliegende DoppelSffnungen davon umfasst; wo- 
bei der Clip geeignet ist, auf bzw. an den erkrankten 
Digitus, Insbesondere Finger oder Zeh, eines Pati- 
enten geklemmtzu werden, um einen infizlerten Be- 

25 refch des Fingers oderZehs fCir eine deflnlerte Dauer 
bei definierter Leistung in Energie doppelterWellen- 
ISnge zu tauohen, um eine Bakterienvernichtung 
ohne schSdliche WSmiedepositlon zu veranlassen. 

30 9. Lasersystem nach Anspruch 1, wobei der Kopf einen 
Strumpf enthait, der einen optischen Eingang von 
dem Laseroszillator und einen optischen Ausgang 
zu der InnenflSche bzw. -oberflfiche des Strumpfs 
aufwelst. 

35 

1 0. Lagersystem nach Anspruch 1 , wobei der Kopf einen 
Griff und einen slch davon erstreckenden optischen 
Ausgang enthSlt. 

40 11. Lasersystem nach Anspruch 1 , wobei der bakterielle 
Bereich eine bakterielle Dentalsteile 1st und wobei 
das System angepasst ist, 1 00 mW bis 20 W Laser- 
leistung von jeder Wellenlange einzein oder Insge- 
samt 200 mW bis 40 W zusammen zu erzeugen, 

45 abhangig von den durch die Bedienperson einge- 
stellten Parametem. 

12. Lasersystem nach Anspruch 1 , wobei der erste Wel- 
lenlangenbereich und der zweite Wellenlingenbe- 
50 reich angepasst sind, selektiv durch ein oder meh- 
rere intrazellulire bakterielle Chromophoren zur Er- 
zeugung einertoxischen Singulettsauerstoff reaktion 
in den Bakterien absortaiertzu werden, um Bakterien 
an der infizlerten Stelle zu vernichten. 

55 



15 



EP 1 663 393 B1 



16 



Revendications 

1. Systeme laser pour detruire des bacteries in vivo 
dans un environnement bact6nen, ledrt systeme 
comprenant : 

(a) un boffler et un dispositif de reglage ; 

(b) un sous-syst6me d'oscillateur laser a I'lnte- 
rieur dudit boTtier pour permettre I'emission se- 
lective induite par ledit systeme de reglage d'un 
premier rayonnement dans une premiere plage 
de longueurs d'ondes de 865 nm a 875 nm et 
I'emission selective induite par ledit systeme de 
reglage d'un second rayonnement dans une se- 
conde plage de longueurs d'onde de 925 nm a 
935 nm ; 

(c) un canal optique pour transmettre ledit pre- 
mier rayonnement et ledit second rayonnement 
provenant dudft sous-systeme d'oscillateur 
laser ; et 

(d) une t§te pour permettre la distribution dudit 
premier rayonnement et dudit second rayonne- 
ment, provenant du sous-systeme d'oscillateur 
laser et passant par ledit canal optique, au ni- 
veau du site dudit environnement bact6rien ; 

(e) ledit premier rayonnement et ledit second 
rayonnement 6tant adapt6s pour activer un 
chromophore dudit environnement bactfirien et 
pour cooperer avec ledit chromophore afin de 
d6tmire les bacteries dans ledit environnement 
bact§rien. 

2. Systeme laser selon la revendication 1 , caracterise 
en ce que ladite transmission est simuitanee. 

3. Systeme laser selon la revendication 1 , caracterise^ 
en ce que ladite transmission est altern^e. 

4. Systeme laser selon la revendication 1 , caracterise 
en ce que ladite transmission est multipiex6e. 



8. - ct" - " :-3Cterise 
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; „a' - p T I '^e z ne mfectee 

w :: iq = -.e ' "I ener 

c- c z 'zt periode 

- - iSRancedetiri pounea t-'jneeii 

"-nne sans depot nuis ^ 

9. Systeme laser selon la revendication 1 , caracterise 
en ce que ladite t§te est munie d'un bas poss^dant 
une entree optique a partlr dudit oscillateur laser et 
une sortie optique vers la surface interne dudit bas. 

20 10. Systeme laser selon la revendication 1 , caracterise 
en ce que la tete comprend une anse et une sortie 
optique se prolongeant & partir de celle-ci. 

1 1 . Systeme laser selon la revendication 1 . caracterise 
25 en ce que ledit environnement bact^rien est un site 

dentaire bacterien et dans lequel le systfeme est 
adapte pour gen§rer de 1 00 mW & 20 W de puissan- 
ce laser a partir de chaque longueur d'onde prise 
ind6pendamment ou 200 mW jusqu'& 40 W au total 
30 avec les deux en fonctlon des paramdtres fix6s par 
I'op^rateur. 

12. Systeme laser selon la revendication 1 , caracterise 
en ce que la premifere plage de longueurs d'onde 

35 et la seconde plage de longueurs d'onde sont adap- 
t^es pour gtre absorbSes s6lectlvement par un ou 
plusieurs chromophores Intracellulaires bact^riens 
pour pemnettre k une reaction toxique utilisant un 
oxyg^ne singulet d'avoir lieu dans les bacteries afin 

40 de detruire les bactSries dans le site infectS. 



5. Systfeme laser selon la revendication 1 , caracterise 
en ce que ladite t^te comprend une sortie optique 
pour ledit premier rayonnement et ledit second 
rayonnement et un instrument de mlse h I'^chelle. 

6. Systeme laser selon la revendication 1 , caracterise 
en ce que ladite tete comprend une sortie optique 
possedant une extremite permettant de realiser un 
traitement thermique Interstitiel du canal radiculaire so 
intensifie par laser et pouvant etre inser6e dans un 
canal radiculaire, qui est givree avec du s^hir ou 
des granules de siltee. 

7. Systeme laser selon la revendication 1 , caracterise 55 
en ce que ladite t§te comprend une sortie optique 

et un otoscope. 
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